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RÉSUMÉ 
La biologie des bousiers de la famille des Aphodiidae reste mal connue et les 
informations sur les espèces vivant dans des habitats extrêmes comme la haute montagne 
demeurent pratiquement inexistantes. De 1994 à 1999, nous avons étudié Aphodius 
pyrenaeus, un bousier de l 'étage subnival dans les Alpes occidentales. L'espèce a été étudiée 
tant sur le terrain qu'en laboratoire. Elle vit à haute altitude (2 300-2 780 rn) où elle choisit 
des microhabitats abrités, en particulier des latrines de la Marmotte des Alpes Marmota 
marmota. Cela lui permet de débuter sa reproduction avant les autres bousiers qui coexistent 
avec elle. La densité de population est maximale en juillet. À partir de début août, de grands 
nombres de jeunes apparaissent et, au moins une partie d'entre eux, se reproduisent l'année 
même de leur émergence. Cela semble inhabituel chez les Aphodiidae, en particulier chez 
ceux qui vivent en altitude. La sélection des ressources varie en fonction de l'âge, du sexe et 
de la condition reproductrice des individus. Dans les laissées de bouquetins Capra ibex nous 
avons trouvé plus de mâles et moins de femelles que dans celles de marmottes. De plus, les 
femelles trouvées dans les excréments de bouquetins portaient moins d'œufs que celles 
collectées dans les fèces de marmottes.  Il apparaît que les excréments de bouquetins ne sont 
que des sources de nourriture occasionnelles alors que ceux des marmottes sont également 
utilisés pour la ponte. En laboratoire, nous avons observé que les fèces de marmottes ne sont 
préférées à celles de bouquetins que quand elles sont fraîches. Les selles plus anciennes, déjà 
visitées par d'autres insectes, sont délaissées. La ponte se fait dans des terriers, profonds 
d'environ 2,5 cm creusés par la femelle. Ces terriers protègent probablement les œufs des 
dommages physiques que pourrait engendrer la forte densité des coléoptères qui vivent dans 
les excréments. Les femelles préparent ces terriers en 2-3 jours, sans l' aide des mâles. Après 
éclosion, les larves creusent parfois leurs propres terriers pour s'abriter. 
SUMMARY 
The biology of the dung beetles of the family Aphodiidae is poorly known, and 
information on the species living in extreme habitats, such as the high mountains, is almost 
non-existent. From 1 994 to 1 999 we studied Aphodius pyrenaeus, a dung beetle of subnival 
habitats in the western Alps. The species was studied both in the field and in the Iaboratory. 
A. pyrenaeus lives at high altitudes (2 300-2 780 rn), where it selects sheltered microhabitats, 
especially latrines of Alpine marmot Marmota marmota. This allows it to start breeding 
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before other coexisting dung beetles. Population density peaks in July. From the beginning of 
August large numbers of young appear, and at !east sorne of them breed in the same year of 
their emergence. This seems to be uncommon in the Aphodiidae, especially those living in 
high-altitude habitats. Resource selection varied according to age, sex and reproductive 
condition of individuals. In the dung of Ibex Capra ibex we found more males and fewer 
females than in dung of Marmot. Moreover, females found in Ibex dung carried fewer eggs 
than those collected in Marmot dung. lt appears that Ibex dung is mainly an occasional food 
source, while that of Marmot is also used for laying eggs. In laboratory tests we found that 
Marmot dung was preferred to Ibex dung only if freshly deposited. Old dung, where other 
insects bad already been present, was avoided. Egg deposition occurred in underground 
burrows about 2.5 cm deep dug by adult females. These burrows probably protect the eggs 
from physical damage due to the high density of beetles living in the dung. Females prepared 
these burrows in 2-3 days without the help of males. After hatching larvae sometimes dug 
their own underground burrows as a shelter. 
INTRODUCTION 
The genus Aphodius, with over 1 600 species distributed world-wide (M. 
Dellacasa, 1987), is one of the largest in the Scarabaeoidea. It is well represented 
in northem latitudes and in high altitude habitats, where it is usually the dominant 
group in dung beetle communities (Hanski, 1 99 1 ;  Lumaret & Stiemet, 1 99 1 ). The 
ecology of Aphodius-dominated assemblages bas already been studied (e.g. Finn 
et al. , 1 999; Palestrini et al. , 1998a, b; Menendez & Gutierrez, 1 996, 1 999; 
Wassmer, 1994, 1995), but there are few works dealing with the biology of single 
species.  In fact, within the superfamily Scarabaeoidea, the life histories of the 
Scarabaeidae have received much attention (Halffter & Matthews 1 966; Halffter & 
Edmonds, 1 982), while those of the Aphodiidae have often been neglected, on the 
grounds that these species should be characterized by direct deposition of eggs in 
the dung and no parental care. However, there is growing evidence that not all 
Aphodius have strictly similar life histories. Severa! of them are known to be 
obligatory or facultative kleptoparasites (Klemperer, 1 980; Rougon & Rougon, 
1983) ;  others oviposit in simple underground nests, which may be provisioned 
with dung, as in A. erraticus (Rojewsky, 1 983), or without food provisions, as in 
A. obscurus (Palestrini et al. , 1999). Recently, Gittings & Giller ( 1997) found 
major differences in severa! life history traits (including strategies of ovarian 
development, oviposition behaviour and larval development) within an assem­
blage of several coexisting Aphodius species in lreland. It was concluded that these 
species could not be treated as a single guild, as assumed by previous studies, with 
obvious important consequences for the analysis of ecological communities. 
An additional interesting point in Aphodius dung beetle biology is that the 
same species can show a considerable behavioural plasticity. For instance, the 
larvae of A. rufipes can develop directly in the dung (Holter, 1 979), or as 
kleptoparasites in the nests of Geotrupes spiniger (Klemperer, 1 980), or in 
self-excavated underground burrows (Gittings & Giller, 1 997). It is not clear what 
environmental factors trigger the expression of these different behavioural 
patterns. 
Much remains to be discovered regarding the biology of Aphodius beetles. 
We still do not know the full range of behavioural and ecological strategies 
adopted by species living in different habitats, and we have only a poor idea of 
what determines the adoption of one strate gy instead of another. Since most of the 
research carried out so far focused on lowland temperate habitats in the northem 
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Henù sphere, it is also likely that the study of species selecting more extreme 
habitats (such as the high mountains) can yield particularly interesting informa­
tion. 
In this work we studied the ecology and life history of Aphodius pyrenaeus,
a poorly known species of the high mountains of south-western Europe. The 
species was studied in the field and in the laboratory, and both larval and adult 
ecology and behaviour were considered. More specifically, we asked the following 
questions :  1 )  does A. pyrenaeus differ in any trait of its ecology and life history 
from other Aphodius living in lowland temperate habitats? 2) is it able to 
discrirninate and make a differentiai use of the dung produced by the species of 
wild herbivores living in its habitat? 
THE SPECIES 
Aphodius pyrenaeus (J. du Val & Fairmaire, 1 859) is classified in the 
subgenus Parammoecius Seidlitz, which comprises 7 Palaearctic species (G. Del­
lacasa, 1 983 ;  M. Dellacasa, 1 987). It is small-sized (4-5 mm in length), shiny 
black in colour, with only slight sexual dimorphism, with the best character 
distinguishing males from females being the shape of mesotibial spurs, which are 
blunt-tipped in males and pointed in females. A. pyrenaeus is uncommon and 
discontinuously distributed in the Pyrenees, the western Alps and the northern 
Apennines.  In France it is recorded from June to August (Lumaret, 1990). It 
usually lives in alpine or subalpine open habitats, from 1 500 to 2 900 rn ,  and 
although most of the records are from altitudes above 2 000 rn ,  it is also known 
from one locality (Monte Colletta, in the northern Apennines) at only 1 000 rn 
(G. Dellacasa, 1 983).  
STUDY AREA 
Field observations and the collection of live individuals and specimens were 
done in Gran Paradiso National Park (NW Italy), a protected area where 
substantial populations of wild and domestic mammals live. The field work was 
carried out in alpine pastures (Levianaz, 2 200-2 400 rn; Costa della Civetta, 
2 550-2 650 rn ;  Pian Borgno, 2 650-2 850 rn ;  Laghi di Chanavey, 2 750-2 850 rn )  
above the tree line, which i s  approximately at 2 200 m. These areas are inhabited 
by abundant populations of Marmot Marmota marmota, together with Chamois 
Rupicapra rupicapra and Ibex Capra ibex. In July and August sheep and cattle 
also frequent sorne of the study sites (Levianaz and Costa della Civetta). 
MATERIAL AND METHODS 
FIELD OBSERVATIONS AND COLLECTION OF ADULTS AND LARVAE 
Field observations of adults and larvae were done from 1994 to 1999. On 
each visit, the dung in one or more Marmot latrines and Ibex resting places was 
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inspected and samples of adult. A. pyrenaeus were collected. We also inspected the 
dung of wild mamm als for the presence of larval stages.  When these were found, 
specimens were collected and their specifie identity was confirrn ed by comparison 
with other larval individuals reared in the laboratory. 
DUNG TYPE CHOICE 
This was studied both in the field and in the laboratory. 
1 .  In the field: between 1 6.VII and 28.VIII. 1 996 we focused on an area of 
approximately 10 ha at Pian Borgno. During 14  days of field work the area was 
systematically walked. Ali the dung encountered (only lbex, Charnois and Marmot 
frequent the area) was exarnined and the beetles found in it counted and identified. 
2. In the laboratory: eleven dung choice tests were done between 1 l .VIII and 
9.1X. 1999. These tests were carried out in small (20 x 20 cm) arenas with 2 cm of 
clean siliceous sand. Two lumps of 20 g of lbex and Marmot dung were placed 
15 cm apart from each other. From 1 2  to 23 (mean 1 8 .5 ± 3 .8) adult individuals 
were theo released in the middle and left free to choose their preferred dung. It was 
not possible to sex and age the individuals used in these tests . The arenas were 
opened 24 hours later and the number of individuals found in each type of dung 
counted. Two series of tests were carried out. In "fresh dung" tests we used dung 
collected in the early moming hours, which bad been produced within one hour 
before its collection; this dung contained no insects or fly eggs when found. In "old 
dung" tests the dung contained numerous individuals of dung beetles when 
collected; ali these insects were removed before the execution of the tests . The 
exact age of the old dung is not known, but was estimated at 24-36  hours . 
SEX-RATIO, FEMALE EGG LOAD AND EXOS KELETAL WEAR OF INDIVIDUALS 
COLLECTED IN THE FIELD 
The specimens collected in the field were sexed according to extemal 
morphological characteristics and aged by evaluating the degree of exoskeletal 
wear, which was scored on a two-level scale ( 1  = young individuals, with no or 
slight wear, 2 = old individuals, with wom exoskeleton) .  
Ali females were dissected to determine their egg load. As the dissections 
were done on dried specimens, we were only able to record the presence of 
chorionated eggs, which maintain their shape and size even if dried. As it was not 
possible to evaluate the presence of "yellow body" deposits (Tyndale-Biscoe, 
1978), which result from the accumulation of follicular rernnants in the avaries 
with successive ovipositions, our data do not give the true proportion of breeding 
females in the population, but only represent an underestimate. 
ÜVIPOSITION AND LARVAL BEHAVIOUR STUDIED IN THE LABORATORY 
On 10.VIII. 1999, 50 living adults were collected at Pian Borgno. These were 
brought to the laboratory and put in cages made with two glass plates ( 1 8  cm wide 
x 24 cm hight), fixed on.a metal frame 2.5 cm thick. Each cage was filled to% of 
its height with clean siliceous sand to which 1 0 % of water was added. Fifty grarn s 
of fresh cattle, lbex or Marmot dung were added. Between 3 and 9 (mean 
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4.8 ± 1 . 8) unsexed adults were theo put in each cage, which was subsequent ly 
checked at 1 -3 days intervals. On each check the adults that bad abandoned the 
dung were removed in arder to estimate the duration of their presence in it. The 
presence of eggs or larvae was checked through the glass walls of the cages. As the 
size of the nests where eggs were laid was measured through the glass walls, on1y 
approximate values (with no standard deviation) are given in the results; the same 
applies to body measurements of living larvae. When observation through the 
glass walls was not possible, the cages were opened and inspected by carefully 
removing and opening the dung, which was theo replaced in the cage together with 
a fresh portion. During the work, the temperature in the laboratory was kept at 
17-20 oc. This temperature is higher than that found in alpine pastures at the same 
time of the year (about 8 oc in August at 2 400 rn of altitude, Cagnazzi & 
Marchisio, 1 998). It is likely that the larval development times that we observed 
were shorter than those actually found under natural conditions (Landin, 1961) .  
STATISTICAL ANALYSES 
All the data were analysed with non-parametric statl stlcs.  Two by two 
frequency tables were analysed with Fisher' s exact test (for total sample sizes 
lower than 1 00) or with Chi-squared tests with Yates' correction for continuity 
(Sokal & Rohlf, 1 995). Throughout the text means are given ± one standard 
deviation. 
RESULTS 
FIELD OBSERVATIONS OF ADULTS AND LARVAE 
Active adults were observed from late May to late September (extreme dates 
2 1 .V and 22.IX), at altitudes ranging from 2 300 to 2 780 rn a.s.l . Figure 1 shows 
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Figure 1 .  - Total number of indi viduals of A. pyrenaeus collected in the different months of the year. 
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the number of individuals collected in different months of the year. Although the 
data in figure 1 come from occasional collections and therefore do not give precise 
population estimates, it appeat s that the maximum abundance of the species is in 
July and August. 
On 1 2  visits, adults (total n = 86) were collected in Marmot latrines, which 
were small depressions dug in the soil in sheltered places, such as under a leaning 
rock. On 5 visits, and only in July and August (extreme dates 1 6.VII and 10.VIII), 
adult individuals (total n = 66) were also found in Ibex dung, but only when this 
was laid in sheltered sites (such as salt licks or dormitories) where a considerable 
amount of dung was accumulated. Only rarely did we find single adults inside 
scattered pellets of Ibex (n = 6) or Chamois dung (n = 1 ) .  
Larval individuals were only observed once, at Pian Borgno, at an altitude of 
2 670 rn, on 10.VIII. 1999. We found them in a Marmot latrine, where a 
considerable amount of fresh and old dung was accumulated and contained many 
adults and larvae of A. pyrenaeus. Numerous (we estimated a density of 
approximately 2 cm-2) small burrows, 1 -3  cm deep and apparently dug by the 
larvae, were found under the dung. The larvae tried to shelter themselves inside 
these burrows when we disturbed them. No dung was contained inside the 
burrows, and we believe that the larvae fed only above the soil surface. 
DUNG TYPE CHOICE 
1 )  In the field. A total of 467 dung pats of wild marnm als were inspected in 
the field. Only 5 ( 1 . 1  %) were of Marmot, while the remainder was produced by 
wild ungulates ;  the low number of Marmot samples collected was due to the habit 
of this species of placing its dung in sheltered places of difficult accessibility. On 
the whole, A. pyrenaeus made up 2.7 % (n = 98) of the 3 650 individuals of dung 
beetles found; however, the proportion of individuals of A. pyrenaeus was 
significantly higher (X2 = 1 100, d.f. = 1 ,  p < 0.0001 )  in Marmot dung (where they
made up 78.7 % (n = 85) of individuals collected) than in the other types of dung, 
where they were only 0.4 % (n = 1 2  in Ibex dung; n = 1 in Chamois dung) of the 
total. A. pyrenaeus bad a marked preference for Marmot dung compared with that 
of other wild herbivores (X2 = 437, d.f. = 1 ,  p < 0.0001 ) .
2 )  ln  the laboratory. We carried out 1 1  food choice tests, 7 with old dung and 
4 with fresh. In ali tests with old dung, A. pyrenaeus bad a significant (X2 = 1 8 .2,
d.f. = 1 ,  p < 0.000 1 )  preference for Ibex compared with Marmot dung. When we 
did tests with fresh dun�, we bad different, contradictory results. Overall, no 
preference was found (X = 0.5, d.f. = 1 ,  p > 0.4) . However, this was due to a 
preference for Ibex dung in one test (X2 = 4.8,  d.f. = 1 ,  p = 0.033) ,  while Marmot
dung was significantly preferred in the others (X2 = 5.6, d.f. = 1 ,  p = 0.01 6) .
SEX-RATIO, FEMALE EGG LOAD AND EXOSKELETAL WEAR O F  INDIVIDUALS 
COLLECTED IN THE FIELD
Altogether 159 individuals were collected in the field; of these 89 were 
females (56 %) and 70 were males (44 %);  on the whole, sex-ratio did not differ 
from equality (X2 = 2.3, d.f. = 1 ,  p = 0. 1 3) .  However, in July, we found significant 
differences (X2 = 5.7, d.f. = 1 ,  p = 0.017)  in the sex-ratio in different kinds of dung,
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with a higher proportion of females (72 % of individuals collected) in Marmot 
dung and a higher proportion of males (59 %) in lbex dung (n = 73). The pattern 
of seasonal occurrence was similar in both sexes (Kolmogorov-Smirnov two­
sample test, p > 0.05), with the maximum number of individuals of both sexes 
found in July. There was a slight prevalence of males (accounting for 57 % of 
individuals collected) over females in May and June, but the total number of 
individuals collected in these months was small (n = 14), and did not reach 
statistical significance. 
Considering patterns of exoskeletal wear within the total number of speci­
mens collected, a higher proportion (66 %) of old (= worn) individuals was found 
among females than among males, where worn individuals were only 48 % 
(X2 = 4.9, d.f. = 1 ,  p = 0.026). As shawn in figure 2, in both sexes, proportion of
young individuals decreased from May-June to July, but in August they increased 
again. Sample numbers were too low to confirm statistically that young male 
individuals were more numerous in August than in July (Fisher' s exact test, n = 55, 
p = 0.24), while for females the difference was marginally significant (Fisher' s 
exact test, n = 64, p = 0.057). This suggests the emergence of a second generation 
of adults in early August or late July. 
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Figure 2. - Percentage of juveniles in the different months of the year. Figures above the histograms 
give the total number of individuals collected. 
Considering separately lbex and Marmot dung in July, individuals collected 
in lbex dung were older than those found in Marmot dung. Within females, old 
individuals were 46 % of the total in Marmot dung (n = 26), but rose to 87 % in 
lbex dung (n = 1 5) .  Within males, no old individuals were collected in Marmot 
dung (n = 10),  but they were 62 % of the total in lbex dung (n = 21) .  These 
differences were statistically significant (Fisher' s exact test, for females :  
p = 0.020; for males :  p = 0.01 3) .  
Dissection of females showed that egg laying occurred from June to 
September. A higher proportion (74 %) of old females contained chorionated eggs 
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Figure 3. - Mean egg Joad in young and old females. Box and whiskers graphs give mean, standard 
error and standard deviation of the values. 
compared with young individuals (44 %);  this difference was significant (Fisher's 
exact test, n = 89, p = 0.016) .  Considering only individuals who had eggs, egg load 
did not differ between young and old individuals (Mann-Whitney test, U = 35, 
p = 0.26; Fig. 3), but females collected in Marmot dung had a significantly higher 
egg load than those collected in Ibex dung (Mann-Whitney test, U = 1 5 ,  p = 0.004; 
Fig. 4). 
Figure 5 shows the percentage of females carrying eggs in the different 
months of the year: there was a significant reduction in the number of females with 
eggs from July to August (Fisher' s exact test, n = 74, p = 0.005) .  This was mainly 
due to a sharp decrease, from 54 % to 8 %, of the proportion of old individuals 
with eggs (Fisher' s exact test, n = 39, p = 0.006), while in young ones the 
proportion of those carrying eggs was similar ( 1 3  % in July, 1 1  % in August, 
Fisher' s exact test, n = 35, p = 1 ) .  
ÜVIPOSITION AND LARY AL BEHAVIOUR STUDIED I N  THE LABORATORY 
Altogether we carried out 14  tests, 7 with Marmot, 4 with cattle and 3 with 
Ibex dung. Egg-laying and hatching occurred in all dung types, but the larvae 
found in Ibex and especially cattle dung grew slowly and died within 20-30 days 
from the beginning of the test. The observations reported here come only from 
breeding tests where adults were provided with fresh Marmot dung. 
When the adults were put in the cage they immediately entered the dung and 
were no longer visible. Figure 6 shows that the presence of the adults in the dung 
was relatively short: 50 % of the individuals abandoned it in about 1 .8 days. 
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Figure 5. - Percentage of females containing eggs in the different months of the year. Numbers above 
the histogram give the total number of individuals sampled. 
Eggs were laid in small nests consisting of a vertical access gallery 2.5 cm 
long and 0.3 cm in diameter (n = 2 observations), ending in sorne small deposition 
chambers (approximate diameter 5 mm, n = 4) arranged radially around the end of 
the access gallery. The two nests we observed were found on the 6th day after the 
beginning of a test and contained respectively 1 and 3 eggs. However, since these 
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Figure 6. - Percentage of the initial number of individuals remaining in the dung after the start of 
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nests were observed through the glass walls of the cages, we believe that we were 
not able to count ali the eggs contained in them; on a successive day the cage 
containing these nests was opened and five larvae were found in it. This makes an 
estimate of 2.5 eggs per nest (assurning 1 00 % hatching and that all larvae were 
detected) . 
Very small and newly hatched larvae, approximately 1 .5 mm long, were 
found (n = 2 occurrences) on the 7th day after the release of adults in the dung, 
while large larvae (length 8 mm), which had almost reached the final body size, 
were observed (n = 2 occurrences) 20 days after the beginning of the tests . Larval 
development occurred directly in the dung (n = 5 occurrences) . Alternatively 
(n = 2 occurrences) the larvae dug underground burrows in the soil under the dung 
or just by the side of it. These burrows were 1 -3  cm deep and did not contain any 
stored food reserves, suggesting that feeding occurred in the dung above soil 
surface, and that the burrows were used only as temporary shelter. Contemporary 
presence of prepupae and pupae was observed on two occasions 38  da ys after the 
beginning of the tests in underground chambers dug at a depth of 5 - 1 0  cm. 
DISCUSSION 
In our study area, at altitudes above 2 300 rn, the soil is completely covered 
by snow from November to May, and even in June conspicuous snow cover can 
persist. Temperatures are below zero for 6 months (from November to April), but 
even in the warmest (July) average temperatures never go above 1 0  oc and 
freezing cold is common at night (Cagnazzi & Marchisio, 1 998).  Even resource 
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availability might be problematic for dung insects during late spring months, since 
large wild herbivores (lbex and Chamois) usually occur in lower altitude habitats 
during these months (Bassano et al. , 1995) .  As a consequence, the time available 
for dung beetles to complete their life cycle is short, and most species of subnival 
habitats do not become active before late June (Lumaret & Stiemet, 1994). By 
choosing an unusual habitat, the sheltered Marmot latrines, A. pyrenaeus seems 
able to increase the time span of its activity, including months when temperatures 
are still limiting for other species .  
A. pyrenaeus seems rather exceptional among alpine dung beetles as  1 )  i t  is 
already found in late May, one month before most other species appear in open 
habitats at the same altitude, and 2) it is reproductively active, with females 
containing full y developed eggs, from June to September. Another point of interest 
is the possibility that A. pyrenaeus could have two breeding generations per year. 
Evidence for this came from two different results. First of all, life span in the genos 
Aphodius is short, usually about two months (Yasuda, 1987), and it is not likely 
that the individuals of A. pyrenaeus, which we collected for five consecutive 
months, could belong to only one generation, nor even that the emergence of first 
generation individuals could be spread over such a long time span. Second, we 
found that a high proportion of old females bad eggs in July, but that their 
fecundity decreased markedly in the following month, when many juveniles 
appeared. As at least sorne of these juveniles bad chorionated eggs in August, we 
suggest that A. pyrenaeus bas a second breeding generation that appears in early 
August or late Joly. Reproduction in adults of the second generation in the same 
year of the emergence is apparently uncommon in the genos Aphodius. Severa! 
species described as bivoltine in the literature were found to have only one 
breeding generation when studied in detail (Gittings & Giller, 1997).  
If we suppose that development from egg to adult takes two months, as 
laboratory observations suggest, then individuals emerging in August could derive 
from eggs laid in early June of the same year. However, since reproduction of the 
first generation continues at least until late Joly, it is doubtful that individuals 
developing from eggs laid at this time of the year could have enough time to breed 
when they emerge two months later, in late September, when average temperatures 
approach 0 °C. We hypothesize that in A. pyrenaeus not all individuals of the 
second generation will breed in the year when they are born, but that sorne of them 
delay breeding to the following spring. Another possibility is that in the early 
autumn weeks all adults progressively move deeper inside Marmot burrows, 
unfortunately beyond the reach of entomologists, where temperatures must be 
higher than outside and could allow the process of breeding and larval develop­
ment even when extemal temperatures are vey low. 
The higher proportion of individuals with wom exoskeleton among females 
suggests that they dig underground burrows for laying eggs, and receive no 
collaboration from males .  Larval individuals can dig their own burrows, or 
develop directly in the dung. The variability of the larval behaviour in Aphodius
species was already found in other studies (Vitner, 2000; Gittings & Giller, 1997; 
Lumaret & Stiemet, 1 990) and might prove to be a common trait when more 
detailed research is available on a wider range of species .  The plasticity of the 
behavioural schemes in Aphodius is particularly interesting when compared to the 
high stereotypy of sorne Scarabaeidae, such as Copris, where relatively complex 
breeding and brooding behaviours are performed but with very little variability 
within single species .  Perhaps the simple behavioural modules of Aphodius can be 
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chosen and shifted according to different environmental factors (such as climatic 
fluctuations or different population densities), while no changes are possible 
without severely reducing the survival of the larvae after a certain level of 
behavioural complexity is attained. 
Before discussing the reasons that could determine the underground egg 
laying and larval development of A. pyrenaeus, it is important to point out that 
similar behaviours were already found in A. obscurus and A. alpinus (Palestrini et
al. , 1999; Borghesio et al. , 1999) the two most common dung beetles of high 
altitude habitats in the western Alps. These two species often make up over 95 % 
of the number of individuals in subnival habitats (Lumaret & Stiernet, 1 992). It is 
clear that, whatever may be the environmental factors that cause these behaviours, 
they must be important for all three species .  One possibility is that underground 
burrows are dug in order to provide eggs and larvae with sorne degree of protection 
against predators. However, predator densities are low in subnival dung insect 
communities compared with those of the lower altitudes, and many predator 
species, such as the Histeridae or the large Staphylinidae (such as Ontholestes spp.,
Ocypus spp. and Staphylinus spp. ) are not found above 2 300 rn in the area in 
which we worked (L. Borghesio, pers. obs. ) .  Another explanation could be that 
under the soil surface eggs and larvae could be better protected against freezing or 
drying (atmospheric aridity increases with elevation because water vapour tension 
is reduced) . However, this cannot be important for A. pyrenaeus who lives in a 
sheltered microhabitat, where oscillations in humidity and temperature are 
reduced. Instead, we believe that high population density can inflict heavy 
mortality rates on eggs and young larvae. The few species that live in subnival 
communities can attain exceptionally high population densities, especially during 
the warmer summer days, when hundreds of adult beetles can be crowded in the 
dung pellets of wild herbivores (Lumaret & Stiernet, 1 992). The movement of 
these beetles can be very dangerous to an egg laid in the dung, or to a small larva 
who is feeding in it. Indeed, it is already well known that dung beetles can strongly 
reduce the number of dung flies in a pasture habitat (Bornemissza, 1 976). This 
effect is probably due to high mortality of fly eggs and larvae due to the movement 
of the beetles. In the lowlands, beetle densities in the dung are usually lower than 
in high altitude habitats (L. Borghesio, unpublished data), and this could explain 
why most Aphodius of lowland habitats lay their eggs directly in the dung. 
Developing larvae of A. pyrenaeus can choose whether or not to dig other burrows 
after hatching, as we found in the laboratory, and this might depend on the 
perceived population density in the dung. 
Preference for different kinds of. dung by different species is already well 
known in dung beetles (e.g. Barbero et al. , 1 999). In the field, adult A. pyrenaeus
bad a clear preference for Marmot dung, although that of !bex could also be 
chosen, especially when it was in sheltered microhabitats. In the laboratory, old 
Marmot dung, where other dung beetle bad been present, was clearly avoided and 
even when faced with fresh Marmot dung A. pyrenaeus did not seem to have a 
clear preference towards it, as in one of the four tests a significant preference for 
!bex dung was found. It appears that the choice of the dung by adult A. pyrenaeus
is a complex process that can be conditioned by micro-climatic features of the site 
where the dung is laid, by chemical differences between the dung of different 
herbivores and by changes, perhaps related to the presence of other beetles, that 
occur in the dung as it gets older. 
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Our data suggest that dung selection in A. pyrenaeus depends on age, sex and 
reproductive condition. We found a higher proportion of males and of old 
individuals in lbex dung compared to Marmot dung, and also that females bad a 
higher number of eggs when collected in Marmot dung. We hypothesize that this 
is due to the different roles played by dung types in the life his tory of the species. 
Old females, most of which are reproductively active (i. e. they carry eggs) seem 
to exploit lbex dung mainly as a food resource to build new eggs. They appear to 
retum to Marmot dung when ready to lay. Males seem to select lbex dung as food, 
and probably do not need to spend a long time in Marmot dung, as the time needed 
to mate is certainly short and they provide no parental care. In natural conditions, 
Marmot dung appears to be a relatively scarce resource, at least judging by the 
high densities of larval and adult individuals that crowd in it. Therefore, part of the 
adult population of A. pyrenaeus rnight utilize the more abundant dung of other 
herbivores in sorne moments of their life cycle. 
Our laboratory tests showed that the presence of adult individuals in Marmot 
dung is of short duration, as we found that 50 % of adults abandoned the dung less 
than two days after the start of the experiments. Complete abandonment was 
observed 6 days after the release of the adults. Egg deposition and the digging of 
nests occur during this short presence in the dung. In the laboratory we observed 
that eggs hatched by the 7th day after the arrivai of adults in the dung. Assurning 
that egg development takes 4-5 days, as in most other Aphodius (Landin, 1 961 ), 
we can hypothesize that females complete a nes ting sequence ( digging of 
underground nest and egg deposition) in a maximum of 2-3 days. The short 
presence of adults in the dung is also suggested by the results of the dung choice 
tests, which showed that aged Marmot dung was avoided. As developing Aphodius
larvae can compete strongly among themselves for obtaining food (Hirshberger, 
1 998;  Landin, 1 96 1 ), avoidance of old dung by adult A. pyrenaeus rnight be a 
mechanism for laying eggs only where low densities of other larvae are present. 
In conclusion, this is one of the first studies focusing on the biology of a 
high-altitude dung beetle species .  Our results suggest that this species is charac­
terized by peculiar behavioural and ecological traits that allow it to cope with the 
difficult climate of its habitat. Sorne of these adaptations seem to be uncommon in 
the Aphodiidae. Moreover, to our knowledge, the selection of different dung 
resources according to age, sex and reproductive condition have not been reported 
previously in the entomological literature. This confirms that the study of species 
living in extreme habitats, which have received less scientific attention, can yield 
extremely interesting results. 
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